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NOTICE 


This report was prepared as an account of Government sponsored work. Neither 
the United States, nor the National Aeronautics and Space Administration 
(NASA), nor any person acting on behalf of NASA: 

A. ) Makes any warranty or representation, expressed or implied, with 

respect to the accuracy, completeness, or usefulness of the informa* 
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not 
infringe privately owned rights; or 

B. ) Assumes any liabilities with respect to the use of, or for damages 

resulting from the use of any information, apparatus, method or 
process disclosed in this report. 

As used above, "person acting on behalf of NASA" includes any employee or 
contractor of NASA, or employee of such contractor, to the extent that such 
employee or contractor of NASA, or employee or such contractor prepares, dis- 
seminates, or provides access to, any information pursuant to his employment or 
contract with NASA, or his employment with such contractor. 
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Washington, D. C. 20546 
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FOREWORD 


The work described herein is being performed by TRW Inc. under the 
sponsorship of the National Aeronautics and Space Administration under 
Contract NAS~3 _ 1555^. This contract involves work similar to that conducted 
under Contracts NAS - 3~13*»69, NAS-3"9^39, and NAS-3 - 25^5. The purpose of 
this study is to obtain design creep data on refractory metal alloys for use 
in advanced space power systems. A listing of all reports presented to date 
on this program is included in Appendix t. 

The program is administered for TRW Inc. by H. E. Collins, Program 
Manager; K. D. Sheffler is the Principal Investigator with R. R. Ebert supervis 
ing the experimental program. The NASA Technical Manager is Paul E. Moorhead. 
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ABSTRACT 


Uttrahigh vacuum creep tests have been conducted on tantalum, tungsten, 
and molybdenum alloys to develop creep data and to evaluate the influence of 
liquid lithium exposure on the creep behavtor of the tantalum alloy T— 1 11. 

Test conditions were generally selected to provide 1$ creep in 1000 to 10,000 
hours, with test temperatures ranging from 1600 to 2S)?°F (1144 to 1873°K), 
Tests on T-lll specimens exposed to vacuum and to 1 1 qu . -* lithium for various 
times and temperatures showed large reductions in creep strength for exposures 
in the 1800 to 1900°F (1255 to 1310°K) range. Tests on the ASTAR 8l!C alloy 
showed a significant influence of grain size on the creep strength of this 
material, with larger grain size specimens being significantly stronger above 
the equicohesive temperature of 2000°F (J366°K). 
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MATERIALS TECHNOLOGY 


SUMMARY 


Ultrahlgh vacuum creep tests have been conducted on the tantalum 
alloys T-111 and ASTAR 81 1C, on CVD tugnsten, and on the molybdenum alloy 
TZM, Several significant results have been obtained from these tests, as 
indicated below. 

A study of the influence of long time exposures to !0*° torr vacuum 
and to liquid lithium on the creep life of T-111 alloy has shown that the 1? 
creep life of this material can be reduced as much as two orders of magnitude 
by a 5000 hour exposure to lithium in the 1800 to 1900°F (1255 to 1310°K) 
temperature range. Similar but less drastic effects were found to result 
from 5000 hour hour exposures to a 10~9 torr vacuum at the same temperatures. 
Five thousand hour exposures conducted at 2l»00°F (1589°K) appeared to have 
only a minor influence on the creep life of the T-111 alloy. No explanation 
is presently available for this behavior. 

Creep life of ASTAR 81 1C alloy has been shown to be dependent on heat 
treatment at test temperatures above the equicohesive temperature of 2000°F 
(1255°K) with a 1/2 hour anneal at 3600°F (2255°K) providing significantly 
longer creep lives than a 1 hour anneal at 3000°F (1922°K). At test tempera- 
tures below the equicohesive temperature the two heat treatments produce 
comparable creep life. An additional test conducted on ASTAR 81 1C annealed 
100 hours at 3000°F (1922°K) showed a creep Itfe comparable to that produced 
by the 3600°F (2255°K) anneal, tending to confirm the hypothesis that the 
dependence of creep life on heat treatment in the ASTAR 81 1C alloy is 
basically a grain size effect. 

Comparison of creep data generated on CVD tungsten at TRW and at 
Oak Ridge National Laboratory have revealed a possible creep instability 
in this material which requires further study. 

In a continuation of a previous study, the influence of both com- 
position and processing on the creep life of the molybdenum base alloy TZM 
was examined, A specially processed disc having a higher than normal carbon 
content and forged at higher than normal temperatures was found to have 
greater creep life than a conventionally forged TZM disc. 
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INTRODUCTION 


Creep life represents a major structural property which must be 
adequately characterized for the successful design of space electric power 
systems. The purpose of this program Is to study the creep behavior of 
several refractory alloys which are currently being considered as component 
materials In space electric power systems at the NASA Lewis Research Center. 

Because of the uniquely hostile service environment in which space 
power system hardware must operate, a number of different factors must be 
considered in evaluating the performance capabilities of candidate materials. 

One of the most Important factors Is the operating environment, which will be 
either the vacuum of outer space or a metallic fluid in which tne concentra- 
tion of reactive gasses is extremely low. Because of the sensitivity of 
refractory alloys to interstitial contamination, simulation of these service 
conditions requires that candidate materials be creep tested In a non -con Laminat- 
ing environment such as ultrahigh vacuum. The creep tests on this program are 
therefore being conducted in ultrahigh vacuum to develop the creep data required 
for space power system design. 

In addition to the design tests which are being conducted, a major 
effort is in progress to study the Influence of liquid lithium exposure on 
the subsequent creep behavior of T- 111 alloy. This problem is an important 
consideration in space power system design because of the potential operation 
of the T-1U alloy in contact with the liquid metal in nuclear power systems. 

The program is a cooperative effort with NASA procuring and heat treating 
the test specimens; G.E. Evendale performing the liquid metal exposures; and 
TRW conducting the UHV creep testing. 
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EXPERi MENTAL DETAILS 


Materials 

The materials which are currently being tested are TZM, T-IH, ASTAR 
8llC, and CVD tungsten. Processing details and sources of each of the test 
materials have been summarized previously (1). Chemical analyses of each heat 
of test mrterial are shown in Table I 

On!/ one specimen of TZM alloy is currently on test. This specimen 
was taken from a specially fabricated, stress-relieved disc of TZM alloy 
(Heat KDTZM-U75) which had a higher than normal carbon content and whic» 
was forged at very high temperatures (3400’F (2l44°K)) in order to provide 
an improved carbide dispersion (2). 

The tantalum alloys are being evaluated predominately in the form of 
nominal 0.030" sheet, although a few selected tests have been conducted on 
T-JIl alloy in the form of strip or plate All of the tantalum materials 
are being evaluated in the fully recrystallized condition. Typical micro- 
structures for these test materials have been presented previously (1). The 
standard heat treatment for the T-Ill alloy is 1 hour at 3000 e F ( 1 922° K) , 
while the ASTAR 8 1 * C alloy is being studied in two conditions of heat treat- 
ment, 1/2 hour at 3600 9 F (2255°K) and 1 hour at 3000 C F (1922 e K). 

The T-Ul test material for the lithium exposure program was fabricated 
as 0020" sheet by the Wah Chang Company, Heat No 650050. The material was 
procured and the specimens were machined and heat treated at the NASA Lewis 
Research Center. After machining the specimens were given a duplex beat 
treatment consisting of a 1 hour at 3000°F { 1 922~K) followed by 1 hour at 
2400 C F (1589°K) in a diffusion pumped vacuum chamber. This heat treatment 
was designed to simulate the standard 3000°F (1922 U K) anneal followed by a 
post-weld stress relief which would normally be applied to any fabricated 
hardware item. After annealing, different specimens were exposed to lithium 
O'* to a I0~9 to rr vacuum for various times and temperatures, as indicated in 
Table 2. The as-received, post annealed and post exposure oxygen analyses 
for the 1000 hour specimens are presented in Table 3 These analyses, made 
at the NASA Lewis Research Center, indicate significant oxygen pick-up during 
the annealing treatment, followed by a corresponding decrease in oxygen level 
as a result of both the vacuum and lithium exposures, with the lithium de- 
oxidation being more severe at both exposure temperatures. 

The CVD tungsten which is being evaluated on this program was 
obtained in the form of 4" long by <060" thick sheet-type creep test speci- 
mens which were vapor deposited and machined to print by the vendor. Chemical 
analysis from a typical specimen Is presented in Table I, while a typical 
photomicrograph appears in Figure 1. The specimens were of the duplex type, 
meaning that the cross section contained approximately 45 mils of a structure 
typical of the fluoride deposition process, and approximately 15 mils of a 
structure typical of the chloride deposition process. The annealing treatment 
for these specimens was 100 hours at 3272°F (2073°K) 
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Chemical Composition of Alloys Being Evaluated in Creep Program 
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F'gure 1. Photomicrograph of CVD tungsten annealed 100 hours at 
3272° F (1800°C). 50X 
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General Test Procedures 


The experimental program Is devoted to the generation of design data 
by creep testing sheet and bar specimens at temperatures and stresses which 
will provide one half to one percent creep in 2000 to 25,000 hours. Two 
inch gauge length, button-head bar-type specimens and double shoulder, pin 
loaded, sheet type specimens were used for testing of plate and sheet type 
materials. The orientation of the specimen with respect to the working 
direction is given below: 

Material Form Specimen Axis Parallel to 

Disc Forging Radius 


Plate 


Extruded or rolling direction 


Sheet 


Rolling direction (except 
where indicated) 


Both the construction and operation of the test chambers and the 
service instruments in the laboratory have been described in detail in 
previous reports (Appendix 1). The creep test procedure involved initial 
evacuation of the test chamber to a pressure of less than 5 x 10"'® torr 
at room temperature, followed by heating of the test specimen at such a 
rate that the pressure never rose above 1 x 10“6 torr. Pretest heat 
treatments were performed in situ, and complete thermal equilibrium of the 
specimen was attained by a two-hour hold at the test temperature prior to 
load application. The pressure was always below 1 x 10"° torr during the 
tests and generally fell into the 10 "^ torr range as testing proceeded. 
Specimen extension was determined over a two inch gauge length with an 
optical extensometer which measured the distance between two scribed 
reference marks to an accuracy of ±50 micro inches. 

Specimen temperature was established at the beqinning of each test 
using a W-3£Re - W-25$Re thermocouple. Since thermocouples of all types are 
subject to a time-dependent change in EMF output under isothermal conditions, 
the absolute temperature during test was maintained by an optical pyrometer, 
in practice the specimen was brought to the desired test temperature using a 
calibrated thermocouple attached to the specimen as a temperature standard. 
The use of this thermocouple was continued during the temperature stabiliza- 
tion period which lasted 50 to 100 hours. At this time, a new reference was 
established using an optical pyrometer having the ability to detect a tem- 
perature difference of ±1F°, and this reference was used subsequently as the 
primary temperature standard. 
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RESULTS AND DISCUSSION 


Presentation and discussion of the test results will be divided Into 
topical sections concerning each of the specific materials and programs in 
progress. A summary of the tests conducted during this report period is 
presented in Appendix II together with all of the previous tests from the 
vacuum creep program. Creep curves for each test conducted during the current 
reporting period are presented in Appendix Hi. 

T- 111 Test Results 

The design character ization of T-lll alloy has been essentially com- 
pleted with only a small number of conventional T-lll design tests still in 
progress. A Larson-Mi 1 ler plot of the U creep life data developed from this 
test series is shown in Figure 2. 

Results from the T-lll lithium corrosion loop exposure program are 
presented In Table 11-18 (Appendix 11), and are plotted on a Larson-MHler 
diagram in Figure ?. Comparison of the pre-exposure results with the T-lll 
design band (also plotted in Figure 3) shows that the specific heat of T-lll 
selected for these tests (Heat 650050) is significantly stronger than typical 
heats of this material, with the three pre-exposure tests on heat treated 
650050 specimens falling near the upper limit of the scatter band for the 
nine previously tested heats. This result may be associated with the relatively 
high oxygen level resulting from the duplex heat treatment appl ied to this 
material prior to exposure. 

While creep testing of the exposed specimens has been concentrated on 
the long time (5000 hours) exposures, a few tests have been conducted on the 
short time (1000 hours) exposed specimens. Both the short and long time 
results indicate essentially no detectable influence of exposure to vacuum or 
lithium at 2400°F on the creep resistance of T-lll alloy, in agreement with 
preliminary results presented in the last report on the UHV creep program (3). 
However, significant and even drastic effects were found for the long exposure 
time specimens at the lower exposure temperatures (1800 and 1900°F). As an 
example of these effects, duplicate creep tests at 1800°F (1255 e K) and 35 ksi 
(241 MN/m 2 ) showed that a 5000 hour exposure to lithium at 1800 and 1900'F 
(1255 and 1 310°K) reduced the \% creep life of T-lll alloy from more than 500 
hours before exposure to only 5 hours after exposure! This dramatic reduction 
in life of the long time lithium exposure existed over the entire 16 to 50 ksi 
(110 to 3hk MN/m 2 ) and 1650 to 2200°F (1072 to H78°K) stress and temperature 
range examined, but was somewhat less severe at the higher temperatures and 
lower stresses. Long time vacuum exposure at the lower temperatures also 
caused significant reduction in the creep resistance of the T-lll alloy, 
although In most cases the reduction In life was not as severe as that caused 
by exposure to lithium for the same times and temperatures. 


* * 
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NOTE: ANNEALED 100 HOURS 
AT 3 000°F (1922°K) 


ASTAR 81 1C ANNEALED 
1/2 HOUR AT 
/ 3600OF (2255°K) 


ASTAR 81 1 C 
ANNEALED 1 HOUR 
AT 3000°F(1922°K 


• T-111 ANNEALED 1 HOUR AT 3000°F (1922°K) 
o ASTAR 81 1C ANNEALED 1 HOUR AT 3000<>F (1922°K) 

0 ASTAR 81 1C ANNEALED 1/2 HOUR AT 3600°F (2255°K) 

■ ASTAR 81 1C ANNEALED 100 HOURS AT 3000°F (1922°K) 



PARAMETER = T 0R (15 + log t) 


FIGURE 2. LARSON-MILLER PLOT OF ONE PERCENT CREEP LIFE FOR TANTALUM 
BASE ALLOYS T-111 AND ASTAR 811C. 
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FIGURE 3. INFLUENCE OF 10*9 TORR VACUUM AND LITHIUM EXPOSURES ON THE ONE PERCENT 1 

CREEP LIFE OF T-1H ALLOY HEAT 650050 ANNEALED 1 HOUR AT 3000°F (19?2°K) 

PLUS 1 HOUR AT 2400°F (1589°K). 

* 
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Additional creep tests will be conducted during the coming report 
period on specimens exposed 1000 hours at 1800°F (1255°K) to determine if 
creep life reductions result from the short time exposures at this tempera- 
ture. In addition, metal lographic studies will be performed In an effort 
to determine the cause of the observed strength reductions. 

ASTAR 811C Test Results 


The ASTAR 8 1 1 C 13> creep life data generated to date on the program 
are plotted on the Larson-Mi 1 ler diagram in Figure 2. It should be noted 
that only data from the commercial heat of the ASTAR alloy are shown in 
this figure, with the earlier data from the laboratory heats having been 
omitted for the sake of clarity. 

The effort to characterize the creep behavior of ASTAR 811C annealed 
1/2 hour at 3600°F (2255°K) is essentially complete, with only three tests 
of material with this heat treatment still in progress. Preliminary results 
which were presented in the last report on ASTAR 81 1C annealed 1 hour at 
3000°F (1922°K) (3) indicated that the lower annealing temperature produced 
a shorter creep life at temperatures above 2000°F (1366°K), but that the creep 
life below that test temperature was essentially in distinguishable for the 
two annealing treatments. Results generated during the current report period 
on material annealed 1 hour at 3000°F (1922°K) continue to support these 
observations, which are consistent with the previously discussed hypothesis (4) 
that the Increase in creep life caused by the higher annealing temperature 
is primarily a grain size effect. The carbide acts predominantly as a grain 
boundary strengthener in each instance. Since the creep life of the ASTAR 
alloy was shown by Buckman (4) to be grain size dependent at and above 2400°F 
(1589°K) but not at 2000°F (1366°K), it seems reasonable that the strengthen- 
ing achieved by increasing the grain size with a high temperature anneal would 
be effective only in the temperature range where grain boundary sliding occurs. 
In fact it may well be that the improved life at lower temperatures is pre- 
dominately an alloying effect due to rhenium, which is well known to be a 
potent solid solution strengthening element in tantalum. 

In an effort to develop additional support for the above hypothesis, 
a creep test has been conducted on a specimen annealed 100 hours at 3000°F 
(1922°K). This heat treatment is well below the carbide solvus temperature, 
previously shown to be between 3520 and 3560°F (2211 and 2233°K) (6), but Is 
long enough to provide a grain size comparable to that produced by the 3600°F 
(2255°K) anneal for 1/2 hour. Results of this test showed a creep life 
comparable to that produced at the higher temperature anneal (Table 4), 
thereby lending further support to the theory that the influence of annealing 
temperature on the creep strength of ASTAR 81 1 C alloy is essentially a grain 
size effect, with the carbide operating primarily as a grain boundary 
strengthener rather than functioning in a true dispersion hardening role. 
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Table 4 


Influence of Heat Treatment on the ]% Creep life 
of ASTAR 81 1C Alloy, Heat 65OO56 Tested at 
24W*F Q589°k) and 15 ksi (103 MN/m^) 


Heat Treatment 


time 

Temoerature 

]% Creep 

Hour 

J’JL °K 

Life, Hours 

1 

3000 1922 

230 

100 

3000 1922 

790 

0.5 

3600 2255 

825 
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CVu Tunqsten Test Results 

■ — — — , ■ ii H I B » . . i . » -■■■■ 


A program has been undertaken to characterize the creep behavior of 
chemically vapor deposited tungsten creep specimens annealed 100 hours at 
3272°F (2273°K). Two creep tests have been completed in this series at a 
temperature of 2912°F (1873°K) and at stresses of 0.5 and 1.0 ksi (3-5 and 
6.89 MN/m 2 ). These tests exhibited respective steady state creep rates of 
3.3 x 10“7 and 7*7 x 10" 7 hour - ', with extrapolated 1% creep lives of 30,000 
and 13,000 hours. A third test is presently in progress at the same tem- 
perature and a stress of 2.0 ksi (13*8 MN/m 2 ) which shows a steady state 
creep rate of 3*3 x 10“6 hour"* and has an extrapolated 1% creep life of 
3000 hours. The 1% creep life results for these tests are plotted on a 
Larson-Mi 1 ler diagram in Figure 4, together with CVD tungsten results 
obtained at Oak Ridge National Laboratory at a test temperature of 3000°F 
(1922°K) . 


Because the 0RNL tests were conducted at higher stress levels than 
the TRW tests, a direct comparison of the results is not possible. An ex- 
trapolation of the ORNL data appears to be consistent with the high stress 
TRW test, but the slope of the TRW curve is significantly steeper than that 
of the ORNL data. While this comparison appears to indicate an instability 
phenomenon occurring in the CVD-tungsten test material at longer test times, 
the results must be interpreted with some caution as the two groups of tests 
were performed on two different lots of material. As additional specimens 
are available from the lot of material tested at TRW, it may be possible to 
conduct tests on this material at higher stress levels to resolve this un- 
certainty concerning the creep behavior of CVD tungsten. 

Molybdenum Base Alloy TZM 

Only one TZM alloy test was In progress during the current reporting 
period on a specially processed lot of TZM which had a higher than normal 
carbon content and was forged in the 3^00°F (2 1 44°K) range to produce an 
improved carbide dispersion. This test at 2000°F (1366°K) and 22 ksi (15*1 
x 107 MN/m 2 ) reached 1/2$ creep at 16,293 hours, which Is significantly 
longer than anticipated for conventional TZM. While a TZM test would 
normally be discontinued at 1/2$ strain, this test is being continued beyond 
that point to determine a 1$ creep life and to check for possible creep rate 
instabilities at higher strain levels. 
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FIGURE k. ONE PERCENT CREEP LIFE RESULTS FOR CVD TUUGSTEN 
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CONCLUSIONS 


Significant conclusions reached during the current reoort period 

are: 

-Q 

1. Exposure of T-111 alloy to 10 torr vacuum or to liquid 
lithium for 5000 hours In the 1800 to 1900°F (1265 to 
1310°K) range significantly reduces the creep life of this 
material. Comparable exposures for 1000 and 5000 hours at 
2*»00 o F (1 589 c K) appear to have little or no effect on the 
T-111 creep life. 

2. The creep life of ASTAR 81 1C alloy appears to exhibit 
significant grain size dependence above the equicohesive 
temperature of 2000°F (1366°K), with heat treatments of 
1/2 hour at 3600°F (2255“K) and 100 hours at 3000°F 
(1922°K) providing significantly longer creep lives than 
a heat treatment of 1 hour at 3000°F (1922°K). 

3. A potential instability has been detected in the creep 
behavior of CVO tungsten which requires further in- 
vestigation. 

k. Results from a specially processed heat of TZM alloy 
(Heat KDTZM-1175) having a higher than normal carbon 
content and forged at higher than normal temperatures 
continue to show a creep strength superior to conventional 
TZM alloy. 
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APPENDIX I I 

SUMMARY OF ULTRAHIGH VACUUM CREEP TEST RESULTS GENERATED 
’ ON THE REFRACTORY ALLOY CREEP PROGRAM 
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TABLE II-3. Summary of Tungsten-25* Re Ultra-High Vacuum Creep Test Results 


TRW Inc 


MATERIALS TECHNOLOGY 


n 

i 

© 

W H 

QJ K 

H W 
U> P 


10 

•H 

P 

O' 





0) 

« 

0> 

o 

O' 

o 


o 

w 

1 

e 

rH 

• 

• 

* 

• 

V 

C 


+ 

u> 

o 

* 

St 


u 

u 

in 

in 

vO 

* 

VO 

SR 

OT 

<0 

H 






H M ft 
t o a 

0 


1*11(111* 


P 



c u< 



O 

rO 

in 

m 

CO 

00 

in 

00 

CM 

00 

CO 

00 


Q> <l> 

CO 

CM 

O' 

i— 1 

o 

o 

o 

H 

rn 

o 

CM 

CO 

in 

r* 

Cl 

o a; 

O 

CM 

o 

H 

o 

o 

o 

o 

o 

o 

o 

o 

CJ 

o 

u 

w u 

• 

* 

• 

♦ 

• 

• 

• 

• 

• 

♦ 

f 

• 

• 

• 

■1-1 P 

<y O 

vO 

l/l 

o 

l/l 

o 

o 

o 

o 

o 

o 

o 

o 

© 

o 


f (Qft 
(Q 0> 

C tr» 

•H 

a <p *» m 


U O <0 

P 

in 

r** 

m 

\D 

O 

co 

v£> 

r-t 


in 

O' 

vO 

O 

St 

<v e 

E5 

st 

ov 

in 

o 

o 

O 

O' 

fit 

m 

CO 

vo 

O' 

© 

O' 

£“* -H 

O 



CM 

no 

CM 

CM 

H 

CM 

CM 

CM 

H 

rH 

CM 

H 


H K r— < 


Ga (0 

Q) o; m (N m * in 

B*<yiM3r-»CM*rHf * I | l | | i f i 

■HU -HO * <n • I I ! I I I | t - 


<p 

u 


3 

CO 

co 

CO 

no 

fit 

CM 

O 

00 

in 

St 

CM 

o 

00 

in 

P M 

C0 

CO 

CO 

P0 

«■ 

r- 

o 

CM 

ir» 

■3- 


© 

CM 

in 

P « <=> 

O 

o 

O 

O 

rH 

rH 

CM 

CM 

CM 

rH 

rH 

CM 

CM 

CM 

w p 

CM 

CM 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

rH 

HI 

HI 

H 

H 

a> o) 

H O* 

O 

o 

O 

O 

O 

o 

O 

O 

© 

O 

© 

© 

© 

o 

a jp 

O 

o 

O 

O 

O 

m 

O 

in 

© 

O 

in 

© 

in 

© 

(V o 

CM 

CM 

CM 

CM 

VO 

vO 

r- 


CO 

VO 

© 

r* 

r* 

co 


co 

CO 

CO 

CO 

rH 

rH 

rH 

rH 

rH 

rH 

rH 

H 

rH 

H 

<vi 


f- 

St 

CO 

O' 

O' 

O' 

O' 

O' 

st 

St 

st 

st 

St 

*3 

• 

• 

• 

• 

• 

• 

• 

t 

• 

» 

• 

• 

• 

* 

\ 

fir 

o 

CO 

o 

00 

00 

00 

00 

00 

O 

O 

o 

© 

o 

V) 25 

no 

CM 


i-4 

VO 

vo 

VO 

VO 

vO 

O 

o 

© 

© 

o 

(0 3E 
<0 
U 
P 

in hi 

o 

O 

l/l 

U> 






rH 

rH 

H 

rH 

H 

to 

• 

• 

f 

• 











iC 

in 

m 

o 

rH 

o 

o 

O 

O 

© 

in 

in 

m 

in 

in 






rH 

rH 

rH 

rH 

rH 

rH 

rH 

H 

rH 

rH 

0> 

CO 

co 

CO 

co 

no 










p ae 

CO 

CO 

CO 

no 

r* 










+> DO 

© 

o 

o 

o 

vo 










C P 
0) «J 
a p 
P v 

CM 

CM 

CM 

CM 

rH 










(0 Oi 

O 

o 

O 

O 

o 










(yap 

© 

o 

O 

o 

l/l 

1 

t 

1 

1 

1 

1 

1 

1 

| 

t 

U 0)0 

CM 

CM 

CM 

CM 

in 

f 

1 

1 

1 

* 

t 

f 

1 

H £H 

co 

CO 

CO 

CO 

IN 










V 

(0 to 

o a> u co in h «-i h 

sc a p st st 

•H O 
M tn 



CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

• 

© 

O 

© 

O 

© 

© 

© 

© 

© 

© 

© 

© 

© 

O 

O 

© 

© 

© 

o 

O 

© 

© 

© 

© 

© 

© 

© 

o 

© 

SB 

in 

in 

in 

m 

in 

in 

in 


m 

in 

in 

in 

m 

in 


r* 

r- 

r* 

r* 

r- 

r- 

f* 

r* 


r* 

r* 

r* 

r* 

h 

P 

i 

i 

i 

* 

i 

i 

t 

i 

« 

i 

* 

t 

t 

i 

(0 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

Q> 

• 

• 

♦ 

• 

• 

# 

* 

• 

• 

« 

* 

• 

• 

• 

S3 

CO 

CO 

co 

co 

co 

ro 

co 

co 

co 

co 

co 

co 

co 

co 






* 

n 

u 

a 

to 

< 

m 

O 

© 

m 

P « 





in 

in 

in 

in 

in 

rH 

H 

H 

i-4 

rH 

(0 o 

CO 

fit 

vo 

to 

m 

in 

in 

in 

in 

VO 

VO 

VO 

vo 

VO 

0 95 

( 

1 

1 

1 

i 

* 

i 

i 

i 

1 

f 

( 

1 

I 

F» 

Vi 

to 

to 

to 

w 

to 

w 

to 

w 

to 

to 

to 

Vi 

to 


* 

rt. 


♦♦♦Insufficient creep to extrapclate 


TRW Inc 


MATERIALS TECHNOLOGY 







( 

o 




M «-» 

CP X 

fM M 




Q*«H U> -P 

u> *H *P cn 
<P 3E <P O 

vO 

f- 


mi a h 

• 

♦ 


U C <0 + 

O 

rn 


O m in 

\o 

\o 


^ W RJH 
H W ft 




<0 

h4 0 




EH 




— ' ' 




+-> 


CN 


C £L 

m 

id 


<p a> 

CN 

© 

vi 

c o CP 

* 

« 

-U 

O MM 

in 

in 


•HWU 



P 

4J W Ui 



(fl 

<0 CP 



(V 

c tH 



OS 

•*H 

a <m % to 

o 

r- 

4-> 

M O 0) M 


o 

w 

<P S P 

rH 

c n 

0/ 

W -HO 



EH 

t-» X 



»4 




CP 




cp 


in 

© 

u 

a< v) 

ro 

in 

u 

<p cp m 


CN 


fcfc <U »M P 



a 

M -H O 



p 

Unix 



p 




o 





0> 



> 

M 




p 

m 

ro 

si 

■ -p « 

m 

00 

o* 

■M tO O 

o 

© 

■H 

W M 

CN 

CN 

X 

1 

CP © 
fcH Pu 

O 

o 

«J 

S frc 

© 

© 

M 

V o 

CN 

(N 

V 

EH 

00 

rn 

rH 




O 

N 



<4 

X 


r- 


X 

• 

• 

<0 

(0 X 

St 

o 


0} x 

o* 

(N 

a 

CP 



<0 

M 



> 

V 



rH 

V} M 

© 

O 

>♦ 

<0 

• 

• 

CO 


in 

oo 

«W 




o 

CP 

oo 

no 


M « 

oo 

00 


P 30 

© 

© 

M 

c V 

CN 

CN 

(0 

CP <0 



a 

a m 



8 

4-> 0) 



P 

(0 u* 

o 

© 

W 

cp a «*4 

© 

© 


M <P O 

CN 

CN 


fc-t t-t 

m 

no 

• 




cr 

+> 



i 

fO to 



w 

CP CP M 

CN 

CN 

H 

x a p 




•rl O 



« 

H X 







m 




< 




H 

• 




O 




X 

t 

i 


4J 

1 

1 


<0 




CP 




X 




V • 

CN 

in 

CO o 

pH 

i~4 

CP X 

1 

% 


CO 

to 



TRW Inc. 


MATERIALS TECHNOLOGY 


m 

I 

o 

u h 

0) K 

0*1-4 W 


IVH 4J 

(il-H V 01 



ME 4) O 

co 

in 

* 


U 1 bH 

* 

♦ 

• 


C <3 + 

co 

CO 

in 


iM? win 
CN w 

•=r 

P- 

p- 


X u u. 

*-4 <0 0^ 





H 0 





fcH 










4-> 

C O* 

o 

VO 

in 


0t 0t 

CM 

H 

CM 

W1 

c o at 

O 

O 

o 

4J 

O W 14 

• 

• 

« 

H 

*H 44 dt U 

H 

H 

H 

a 

+> W Ui 




W 

At 0> 




at 

C W 




05 

-H 

a mh % w 




+> 

U O <D U 

vO 

f l 

O 

W 

at a p 

O 

O' 

CO 

at 

H *H O 

00 

H 

CM 

tH 

H X 


H 


O* 





0) 





0) 





u 

a. « 




u 

at at w 

o 

O 

m 


CM 0/ •« 3 

cn 

in 

H 

6 

\ M *H o 

CO 

■=r 

H 

9 

H U H X 




0 





U 





<3 

Q> 





u 





3 

vO 

VO 

00 


4J SC 

VO 

VO 

r- 

ct* 

4J PCJ O 

CO 

CO 

& 


0) u 

HI 

H 

H 

33 

at ot 




1 

kr» a* 

O 

O 

O 

<3 

S 3* 

O 

o 

O 

U 

at o 

o 

o 

CM 

V 


CM 

CM 

CM 

H 





ED 

N 

r* 

00 

r-| 

O 

s 

• 

• 

t 

co 

X 

CM 

in 

in 

1 

W 25 

00 

r* 

in 

VJ 

0} C 




*e 

at 





M 




<w 

•M 

o 

o 

o 

o 

V) M 

♦ 

« 

• 


V) 

CM 

H 

00 

>1 

« 

-4 

H 


M 





<0 





a 

0> 




a 

u sc 




p 

4J SO 




to 

C 44 

at <o 
t* u 




• 

4-> at 




in 

<3 04 

•9 

*o 

*o 

t 

at a tu 

0/ 

at 

at 

M 

W 0)0 

H 

H 

H 

M 


H 

r-J 

H 



O 

O 

o 

W 

44 

at 

as 

m 

*-4 

<3 W 

i 

i 

% 

03 

at at w 

« 

in 

in 

<< 

x a p 

<a 


m 


•H O 
Eh X 





eat Ho. 

in 

10 

m 

« 

O 

u 

U 

4i * 

a o 

CM 

v0 

r* 

a * 

1 

1 

t 


m 

« 

eo 




MATERIALS TECHNOLOGY 


\ 

© 

M i-1 

Q> X 

U.*-H W 
Uf rH 4/ +J 
<y *rt 4-» cn 



M ac 

<u o 


O 

(N 


U * 

a *— i 

. 

« 

• 


a 

<•3 4- 


at 

P* 


SK o 

m in 

=T 

zr 

ar 


IN w 

(0 rH 





\ 14 

* <* 





rH <0 

0 





*■4 

kr» 












4- 




(0 


C Ui 

O 

vO 

o 

4J 


0) 0) 

P' 

04 

o 

rH 

3 

O <P 

rH 

O 

rH 

S3 

O 

(4 t4 

♦ 

• 

t 

W 

•H H-> 

0/ u 

r-H 

rH 

rH 

W 

44 Vi 04 




OS 

as <y 

c t-» 





+J 

•H 





W 

a *44 

% W 




<P 

M o 

0/ M 

oo 

rH 

VO 


(V 

a 9 

vO 

0V 

cn 


H 

•H o 

in 

vD 

in 

U* 


fc-» X 




0) 






0> 






u 






u 

CU 

W 

m 

O 

o 

a 

r. v 

<V (4 

r* 

xy 

in 

a 

PI (U HH 53 

CN 

ro 

pi 

9 

\ M »H O 




o 

HUhiK 










> 


<D 




43 


14 




en 


s 

00 

00 

CO 

•H 


44 « 

Ch 

cn 

o 

X 

4-> 

(0 o 

m 

ro 

tn 

t 

W 

M 

rH 

rH 

rH 

33 

Oi 

o; 




14 

k-» 

04 

\G 

vO 

NJL 

■* ' 


a &4 

in 

in 

m 

rH 


0 ) o 

o 

o 

pi 



Sh 

PI 

pi 

pi 

*: 






CM 


M 

O 

ro 

o 

ro 


JC 

• 

• 

» 

r4 


\ 

00 

oi 

rH 

t 


f/i as 

ro 

00 

in 

■Q 


W K 

rH 





w 






J4 




<44 


V 

O 

m 

sr 

o 


V) w 

• 

• 

• 



w 

O 

vt> 


>* 


K 

CH 

rH 


u 






(0 






a 


0) 

ro 

rn 

ro 

a 


14 *5 


r- 

r* 

» 

44 

s o 

<n 

O' 

cn 

w 

e v 

rH 

rH 

rH 



<0 





a 

u 




• 

44 

V 




VO 

10 

04 

C4 

04 

PI 

t 

w 

a »* 

<n 

Ov 

cn 

w 

M 

o o 

o 

o 

© 

M 

fcH *H 

m 

r^i 

fn 

0> 






•-4 


w 




*u 

(V 

<p u 

rH 

rH 

rH 

10 

OS 

a ? 




tr* 


0 

*4 ttj 





t 




o 


s» 

sr 

as 

in 

in 

m 



ar 

a* 

4J 

rH 

rH 

rH 

<0 

1 

t 

t 

<y 

o 

o 

u 

X 

as 

K 

as 


+> * 

m 

ar 

IT 

«) O 

rH 

*H 

rH 

V as 

1 

l 

1 

fH 

CO 

CO 

m 



TABLE 1 1-7. Summary of TZW Oltra-High Vacuum c~erp Test Result 


TRW Inc. 


MATERIALS TECHNOLOGY 


\ 

o 

M r-i 

V X 

ILrH M 


(II -H 4- U\ 

u z: a o 

O I 

C4 ^ + 


u utn 

(N U) (OH 

N *-• * tv 

"3 V 


H 


sD 

if 




go © r- 

• me 

i-H cn r** 

if if if 


00 

# 

in 

st 


r* 

in 

in 

rH 

• 

» 

• 

• 

<wl 

O' 

^3- 

r* 

if 

rn 

if 

if 


O 

• 

if 

sr 


■M 


c u. 

m 

m 

in 

in 

00 

in 

© 

m 

CN 


<tf 0? 

© 

r* 


m 

O 

cn 

rH 

CO 

© 


c o a* 

I—C 

cn 

CN 

VI 

cn 

o 

o 

o 

rH 

* 

U MM 

• 

• 

a 

• 

• 

• 

a 

a 

• 

* 

•H V U 

rH 

o 

VO 

o 

o 

o 

O 

o 

© 


■MW Ui 











rtJ 0> 











c e* 











*rt 











a <« % w 

© 

© 

9 

Os 

CN 

vO 

os 

o 

IN 


u o o> m 


if 

© 

in 

#H 

P- 

in 

cn 

m 


a> as 

© 

© 

SO 

so 

© 

cn 

»H 

sO 

rH 

* 

fcH *H o 


% 



% 

if 

CN 

rH 

% 

* 

h tn 


o 



O 




O 




rH 



rH 




iH 







* 

* 

* 

* 

* 


cu w 

in 

* 

O 

© 

O 

© 

O 

o 

© 

cn 

(t) v M 

o 

O 

© 

o 

o 

o 

O 

© 

o 

© 

<n (r w 3 

© 

© 

rH 

© 

o 

in 

© 

© 

o 

CN 

\ M *H o 


CN 


r- 

* 

% 

% 

% 

% 

% 

H(JHE 


* 



m 

CN 

o 

in 

o 

sO 



if 



CN 

sO 

vO 

rH 

in 

rH 



H 









0) 











u 











s 

os 

© 

sO 

m 

so 

SO 

if 

if 

m 

© 


cn 

vO 

SO 

in 

SO 

CO 

if 

if 

m 

© 

4-1 <0 O 

if 

cn 

cn 

CN 

cn 

CN 

rH 

•H 

CN 

cn 

W M 

rH 

iH 

rH 

H 


rH 

rH 

HI 

rH 

rH 

& 01 











kH CL 

© 

o 

o 

O 

© 

in 

© 

O 

o 

© 

a 

cn 

© 

© 

O 

© 

in 

© 

© 

© 

O 

0) o 

•h 

o 

o 

CO 

© 

© 

sO 

O 

© 

o 

H 

CN 

CN 

CN 

rH 

CN 

rH 

rH 

rH 

«H 

rsi 

M 

in 

Os 

O 

O 

cs 

o 

© 

© 

© 

o 

JC 

• 

• 

• 

• 

• 

a 

a 

a 

a 

a 

\ 

© 

CO 

CN 

cn 

CD 

rH 

Os 

© 

cn 

rH 

W 5C 

00 

sO 

CO 

© 

VO 

SO 

r* 

■f 

o 

© 

W *3 



CN 

cn 


rH 

m 



H 

0 1 











M 











<M 

SO 

© 

© 

© 

O 

if 

© 

© 

o 

© 

VI W 

• 

• 

t 

• 

a 

• 

a 

a 

a 

a 

OT 

CN 

o 

rH 

if 

© 

cn 

in 

in 

if 

CN 

MS 

rH 

rH 

■f 

9 

rH 

CN 

in 

sO 

if 

<N 


JO 

in 

© 


o 

if 


O 

CTs 

r- 


© 

© 

<n 

rH 

o 

o 

o 

CN 


o 

• 

CN 

00 

CN 


© 


9 


0) 

© 

© 

© 

© 

© 

14 MS 

r* 

P- 

r- 

p- 

r* 

■MOO 

if 

if 

9 

if 

.Tt 

C 44 
<y dfl 
B M 
■M W 

rH 

tH 

iH 

rH 

rH 

it) Ut 

© 

© 

O 

o 

© 

tii a «*4 

© 

© 

© 

© 

© 

u oi o 

CN 

CN 

CN 

CN 

CN 

fcH fc-» 

CN 

CN 

CN 

CN 

CN 


OS 

cn 

cn 

cn 

cn 

m 

© 

f*i 

cn 

cn 

m 

cn 

cn 

© 

© 

in 

in 

© 

© 

© 

© 

rH 

rH 

»H 

rH 

rH 

rH 

rH 


O 

© 

© 

© 

© 

O 

o 

in 

© 

© 

© 

© 

o 

in 

© 

cn 

cn 

cn 

cn 

cn 

CN 

CN 

CN 

rsi 

CN 

CN 

CN 

CN 


at of u 
« m s 

•H O r-4 #H rH r-4 rH 


<a 

rH 

O* 


44 

CN 

CN 

CN 

CN 

CN 


O 

© 

O 

© 

© 

0) 

© 

© 

© 

© 

© 

as 


r* 

r* 

P* 

r* 


CN 


rH 

rH 

rH 

rH 

rH 

\ 

rH 

© 

© 

© 

© 

© 


r* 

f 

r* 

r* 

r- 


rH 

rH 

rH 

rH 

rH 


rH 

rH 

rH 

•H 

rH 


» 

1 

1 

1 

1 


C 

k 

K 

C 

S3 


to 

N 

tsl 

N 

M 

cn 

H 

H 

P 

H 

fcH 

© 

© 

O 

C* 

© 

Q 

if 

MS 

MS 

*6 

* 

k 

r- 


+) • 

W O *H 

« A t 

H « 



Os 

© 


© 

cn 

CN 

cn 

* 

rH 

i 

• 

> 

1 

1 

« 

« 

« 

ffi 

A 


00 

rH 

© 

© 

9 

•H 

CN 

CM 

cn 

cn 

1 

1 

1 

• 

t 

CO 

A 

« 

m 

ft 


* 


•Extrapolated data 


TRW Inc. 


MATERIALS TECHNOLOGY 


' n 

I 

O 

U rH 

<P X 
(If rHt 14 
CP «-H (p 4-> 
CP -H 44 CT» 



M S Q> O 

in 


© 

o 

rH 

in 



U 1 SH 

* 

* 

• 

• 

• 

t 



C (0 ♦ 


© 

© 

CM 

© 

s 



6*i O M lO 
OJ « (0H 

S 

S 

s 

S 

s 

s 



\U Oi 

MM 









►4 ° 









*H 








w 

V — / 








4-» 









rH 

-M 








S 

C 04 

CN 

00 

© 

© 

o 

o 


CM 

cp <y 

m 

CN 

© 

r- 

r- 

s 


IP 

c; o cp 

o 

O 

rH 

o 

rH 

o 


05 

o w 14 

• 

• 

• 

• 

• 

• 



•H V W U 

o 

o 

o 

o 

o 

rH 


+» 

+J VJ 04 








CQ 

<d <P 








CP 

c t-» 








t -» 

•H 

E 44 * (fl 








04 

UOQ)M 

vO 

r- 

in 

© 

© 

s 


<p 

cp as 

00 

o 

© 

o 

CN 

© 


<p 

fc~* HO 

43 

CO 

i-4 

s 

© 

in 


u 

fe4 X 






»H 


u 









e 









13 


* 

* 

* 

* 

* 



S 

04 W 

O 

o 

© 

o 

© 

O 


U 

X <P (P U 

O 

o 

© 

o 

O 

© 


(0 

CM <p 44 S 

O 

© 

© 

© 

o 

O 


5> 

\ W *H O 

% 

% 


s 

iH 

fH 



H u H a’ 

O 

o 






-C 


CM 

«H 






O' 









•H 

0) 








© 

o 








1 

s 

© 

© 

© 

in 

CM 

© 


«2 

V ^ 

vO 

40 

© 

© 

JN 

© 


14 

4J (SO 

© 

© 

© 

CM 

S 

© 


+J 

w u 

•H 

rH 

rH 

rH 

rH 

rH 


rH 

<P <P 








© 

fcH 04 

o 

o 

O 

© 

© 

o 



a pu 

o 

© 

© 

O 

O 

o 


JC 

<p o 

c* 

o 

© 

© 

rH 

© 


C4 

£H 

CM 

CM 

CM 

rH 

CM 

CM 


e-* 









*o 

(V 

O 

o 

O 

O 

© 

© 


<v 

E 

• 

• 

t 

• 

• 

« 


*•4 

\ 

00 

. ,r l 

© 

r- 

S 

CN 


44 

w 2= 

© 

© 

r* 

rH 

© 

© 


•H 

Cfl JE 

H 

r4 

CM 

© 

CN 

© 


*a 

<p 








o 

w 








aa 

+> 

O 

© 

O 

O 

© 

O 



in w 

• 

• 

• 

t 

* 

• 


.Q 


o 

© 

© 

© 

S 

rH 


u 


CM 

CN 

s 

S 

© 

S 


44 









O 

<P 

S’ 





s 



*4 iC 

S 

t 

1 

1 

l 

s 



44 S O 

© 

l 

l 

1 


© 


w 

C 44 

fH 





rH 


(d 

cp m 








E 

a u 








E 

4-> cp 








S 

CQ 04 

O 





O 


© 

cp s ^ 

O 

1 

1 

t 

t 

© 



u <p o 

in 

t 

1 

t 

t 

© 



«h tn 

CM 





CM 


CO 

44 








1 

M W 








M 

CP CP *4 








M 

sen 









•H O 

M 

1 

c 

1 

i 

iH 


W 

£-* 33 

















m 









< 










t 









O 









JR 

S 

S 

s 

s 

s 

S 

T3 



1 

i 

1 

I 

t 

1 

<P 


44 

in 

in 

in 

© 

in 

in 

4-> 


M 

© 

o 

© 

© 

o 

o 

<0 


<P 

© 

© 

© 

© 

© 

© 

rH 


© 

s 

s 

s 

s 

s 

s 

O 









tt* 









(d 



< 

CD 

V 

a 

w 


u 


44 • 

© 

m 

© 

i*i 

© 

r* 

44 


CO O 

CM 

CM 

CM 

CM 

© 

CM 

M 


0) SR 

t 

1 

1 

1 

1 

1 

W 


f-* 

CD 

CQ 

m 

© 

© 

© 

* 



TABLE II- 9 . Summary of TZC Ultra-High Vacuum Creep Test Results 


TRW me. 


MATERIALS TECHNOLOGY 


u 


I 

o 


Q> K 

OurH M 
<U *H CU H-* 
<y -H 4-» O' 


M 2E 

(V o 

ro 

O' 

00 

O 

CM 

r- 

VO 

rH 

a 

CO 

o> 

vO 

CM 

co 

U 1 

a «h 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

♦ 

• 

t 

• 

C 

<o + 

CD 

© 

vO 

VO 

© 

in 

vO 

*H 

a 

a 

in 

a 

VO 

VO 

** u 

u in 

St 

5J- 

r* 

53- 

a 

a 

a 

a 

a 

st 

a 

a 

a 

a 


CM (fl «JH 


\WPi 
rH « 
h4 


<aT 

o 


+J 

C Ob 

O 

in 

o> v 

VO 

a 

c o u> 

O 

un 

O MM 

• 

♦ 

■H V QJ U 

iH 

o 


+J W O) 


«5 Qi 
C tr* 
•H 


s 

<M 

* U) 

00 

a* 

M 

O 

<D M 

CM 

a 

<P 


a r» 

r-f 

r** 

tr* 


*H O 

tri 33 

CM 

CM 


O 

CM 

o 

00 


00 

0D 

© 

VO 

rH 

CM 

o 

• 

• 

• 

• 

o 

O 

O 

rH 


CM 

VO 

© 

in 

O 

O 

ro 

OV 

O 

St 

CM 

r- 

% 

% 

% 

% 

vO 

St 

a 

CM 

rH 

rH 

«H 

rH 


CM 

in 

CD 

O 

© 

rH 

CO 

00 

© 

© 

rH 

CM 

• 

• 

« 

• 

rH 

rH 

tH 

rH 


CM 

a 

st 

© 

rH 

o 

rH 

in 

erv 

vO 

CM 

CM 


a 

a 



in 

n 

o 

o 

C0 

CD 

St 

o 

in 

m 

VO 

in 

* 

« 

* 

• 

o 

o 

o 

o 


o 

r- 

C0 

o 

CO 

OV 

vO 

CM 

rH 

VO 

in 

o 

* 

vO 

rH 

© 

00 

© 


04 Hi 

O 

O 

OJ 

* 

© 

* 

o 

o 

© 

in 

o 

O 

© 

O 

o 

co 

S< G? Q> (4 

c 

o 

O 

o 

o 

in 

CM 

r- 

O 

f- 

o 

CM 

a 

uo 

CN Q)iH 3 

rH 

in 

st 

o 

o 

vo 

CO 

o 

rH 


it 

r- 

© 

00 

\M-H O 
HUhJE 

rH 

CM 

* 

O 

rH 

in 

r~ 

in 

CO 


rH 

rH 


% 

st 

rH 

r* 

in 

00 


<D 

U 



r* 

00 

CO 



r- 

r- 

+» 

<0 o 

ST 

St 

w 

M 

rH 

rH 

m 

Q> 



£-» 

04 

o 

O 


e Ph 

o 

o 


<v o 

CM 

CM 


H 

CM 

CM 


vO 


00 

VO 

VO 

00 

© 

vO 

CO 

(M 

CO 

CO 

rH 

«H 

rH 

tH 

O 

vO 

VO 

o 

O 

in 

in 

o 

O 

00 

o 

o 

CM 

•H 

CM 

CM 


00 

in 

vO 

CO 

r* 

in 

vO 

r* 

a 

CM 

ro 

it 

H 

rH 

*H 

rH 

O 

o 

O 

O 

o 

o 

o 

O 

CM 

00 

o 

CM 

CM 

rH 

CM 

CM 


O 

rH 

VO 

VO 

CO 

rH 

VO 

vO 

CO 

co 

CO 

CO 

rH 

rH 

rH 

rH 

n 

O 

O 

O 

CO 

O 

© 

O 

© 

OV 

O 

O 

rH 

rH 

CM 

CM 


N 

o 

O 

o 

O 

O 

O 

in 

o 

o 

O 

O 

O 

O 

O 

as 

• 

« 

« 

t 

t 

• 

• 

• 

* 

• 

• 

* 

• 

• 

\ 

st 

r- 

CO 

CM 

rH 

00 

vO 

co 

CO 

CM 

CO 

CM 

CM 

CM 

<0 as 

CM 

rH 

CO 

r- 

CO 

CO 

erv 

o 

OV 

in 

CO 

in 

in 

in 

03 » 

rH 

rH 

rH 

rH 

rH 

rH 


CO 

rH 

rH 

rH 

rH 

rH 

rH 




U 


+> 

O 

O 

O 

© 

o 

O 

O 

o 

O 

© 

O 

O 

O 

O 

V5 IH 

• 

• 

• 

• 

« 

• 

• 

* 

• 

• 

• 

• 

• 

• 

10 

CO 


o 

in 

OV 

O 

st 

a 

CO 

CM 

o 

CM 

CM 

CM 

K 

rH 

rH 

CM 

CM 

rH 

CM 

rH 

a 

CM 

CM 

CM 

CM 

CM 

CM 



CO 

co 

M feC 

r- 

r* 

+> 53 O 

O' 

O' 

C M-> 
V <0 
a w 
+> w 

rH 

*rH 

(0 U4 

CM 

CM 

w a P4 

OV 

OV 

u <yo 

O 

O 

id co 

<P » M 

ro 

"V 

IE B 0 

rH 

tH 


•H O 

H as 


CO 

CO 

co 

CO 

r* 

r- 

r* 

r- 

Ov 

ov 

ov 

ov 

rH 

*H 

rH 

rH 


CM 

CM 

CM 

CM 

O' 

OV 

OV 

OV 

O 

© 

O 

© 

fO 

CO 

CO 

CO 

rH 

rH 

rH 

rH 


co 

CO 

co 

is- 

r- 

CO 

co 

sr 

© 

in 

in 

VO 

rH 

fH 

rH 

rH 


CM 

O 

© 

© 

OV 

o 

O 

O 

© 

CO 

CO 

in 

CO 

CM 

CM 

CM 

rH 

rH 

rH 

rH 


st 

a- 

a- 

ov 

it 

sr 

st 

00 

VO 

vO 

vo 

in 

«H 

rH 

rH 

rH 


© 

© 

O 

© 

O 

o 

© 

© 

in 

in 

in 

st 

m 

CM 

CM 

CM 

rH 

rH 

rH 

rH 


+> 

© 

© 

O 

© 

© 

rH 

rH 

H 

fH 

rH 

rH 

rH 

in 

in 

<*3 

0> 

a 

CO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

a- 

a* 

a 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

ro 

m 

rH 

S3 

SB 

K 

S3 

A 

A 

A 

A 

A 

A 

A 

A 

A 

a* 

st 

O 

4J t 

*1 

O 


fH 

CM 

© 

rH 

OV 

© 

© 

CM 

CO 

© 

r* 

tfc 

« 

*H 

W O 

00 

rH 

Ov 

H 

rH 

CM 

CO 

rH 

CM 

CO 

CO 

CO 

CO 

co 

H 

O SB 

1 

1 

1 

1 

t 

1 

1 

1 

t 

1 

1 

1 

l 

* 

W 


CQ 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

# 


TRW me 


MATERIALS TECHNOLOGY 



'n' 





1 

o 





M rH 

07 X 

rH M 





OUfH U> 4J 
«7 *H +J O' 
07 JC 07 O 

CN 

H 

O' 


mi an 

• 

• 

♦ 


U C <0 ♦ 


in 

vO 


o m in 

sr 

-r 

St- 


« U1 <0 H 





r-4 M O* . 

* §* 





»H ° 





fcH 










+* 

G Ot 

o 

in 

ep 

m 

07 07 

CN 

00 

VO 

-p 

G O 07 

r» 

vO 

o 

rH 

O MM 

• 

« 

* 

3 

•H +> 0) U 

i n 

rH 

1/7 

U1 

4J W P4 




07 

<0 07 




05 

C fc« 
•H 




V 

a <m * w 

o 

it 

O' 

W 

M o 07 M 

O' 

rH 

CO 

C> 

0) as 

00 

CO 

CO 

H 

H ho 

rH 

«H 

rH 


H cc 




U4 





07 





a> 





M 

U 

a. to 

O 

O 

in 


07 07 M 

*£> 

O' 

o 

e 

6R <D*W 3 

in 

00 

sf 


«H M *H O 




£5 

U PC 









<0 





> 

07 





M 




A 

3 

00 

00 

00 

X5\ 

+> iC 

r^ 

O' 

r- 

•H 

4J flJO 

=T 

ro 

sf 

SB 

0) M 

*H 

rH 

fH 

1 

07 07 




«$ 

h a. 

O 

VO 

O 

U 

a Cm 

O 

in 

O 

+7 

07 o 

CN 

o 

CN 

H 

fcH 

CN 

CN 

CN 

© 





CN 

N 

r- 

o 

r* 

CN 

sc 

* 

• 

♦ 

CN 

X 

CN 

CN 

CN 

1 

(0 5B 

CO 

co 

a> 

fc*« 

(0 XI 
07 


rH 


<W 

M 




o 

-M 

O 

CN 

o 


C/7 H 

• 

• 

t 

>1 

V5 

CN 

O' 

CN 

u 

Sti 

rH 

»H 

rH 

<0 





c 

a 

07 

CN 

CN 

fH 

S 

M « 

CN 

CN 

fH 

tn 

+7 3 0 

O' 

O' 

00 


C V 
07 (0 

rH 

rH 

pH 

• 

a m 




u 

4*» 07 




iH 

(0 Ci4 

O 

O 

O 

l 

07 a 

O 

o 

O 

H 

M 0) O 

o 

o 

00 

W 

H e< 

co 

co 

CN 

W 

+» 




t-4 

(0 0) 





07 07 M 




«< 

p a a 3 

fH 

rH 

rH 


•H O 
(<4 tc 





t 

CO 


CO 

o 


St* 


as 

l 

l 

t 


* 

*0 

HI 

V 

fcH 

fr< 


(0 

1 

t 

1 

07 

*H 


►4 

te 


HJ 

Ht 


+> • 

CO 

Sf 

O 

to o 

rH 

iH 

CN 

a> as 

t 

I 

1 


W 

V) 

W 



TABLE 11 - 11 . Summary of ASTAB 811 C Oltra-High Vacuum Creep Test Besults 


** ****** 

TRW me. 


MATERIALS TECHNOLOGY 


I 

o 

u *H 

w X 

rH M 

UirH CD «P 
W'HV O' 
V X (p V 

w I a *H 
U G <0 + 
o u in 

w W <0 i -1 
H W ft 

<0 ^ 

.H 0 

H 


co 

• 

os 

in 


in 

• 

n* 

if 


in 

0 

0 

os 

os 

in 

CN 

rH 

O 


vo 

00 

00 

rH 

H 

• 

• 

• 

% 

f 

» 

• 

# 

• 

• 

* 

# 

• 

• 

• 

r** 

0 

0 

* — t 

i-t 

0 

H 

cn 

r* 

co 

lO 

0 

0 

cn 

H 

& 

in 

in 

U) 

IT) 

in 

in 

if 

cr 

in 

in 

U) 

in 

if 

U) 



4 J 










G 

u» 

oc 

IN 

0 

00 

(N 

n 

00 


V 

u> 

CN 

if 

CN 

0 

H 

in 

r- 

G 

O 

ID 

O 

rn 

ro 

H 

H 

rH 

rH 1 

O 

M 

W 

* 

• 

• 

* 

• 

t 

• 

*H +J 

CD 

© 

H 

O 

0 

O 

O 

O 

O 

V 1/1 

Wt 









as CD 










G fcH 




=T 

in 

00 

os 

if 

CM 

•H 




• 

• 

• 

• 

• 

• 

a 


W 

O 

n 

r- 

in 

00 

SO 

<N 

t-i 0 

<P 

l-l 

iO 

CJ 

vO 

m 

r* 

O 

00 

<1/ 

s 

3 

in 

cn 

r- 

© 

SO 

«H 

O 

tn 

■H 

O 

% 





rH 

rH 


fcH 

X 

«H 










CN 








O 

m 

in 

00 

O 

0 

00 

0 

O 

0 

SO 

CO 

OS 

00 

in 

rH 

r** 

CO 

if 


00 

rH 


<J> 

*H 

CN 

n 

rn 

CM 

CN 

• 

• 

• 

* 

• 

* 

• 

• 

* 

• 

«H 

CN 

1 — 1 

U) 

rH 

»H 

rH 

rH 

•H 

H 




iH 







in 

O 

<n 

in 

OS 

if 


tn 

r* 

iH 

* 

• 

• 

• 

e 

• 


• 

• 

• 

0 

sO 

CN 

CM 


O 

st 

sO 

SO 

sO 

CM 

SO 

SO 

SO 

0 

rH 

•H 

VO 

if 

O 

r* 

if 

rH 

Os 

os 

CM 


VO 

cn 

CN 


rH 


if 

in 

SO 



in 

in 





* 

* 

* 

* 

* 

* 



O4 w 

O 

O 

0 

0 

O 

O 

0 

in 


CD CD U 

Os 

O 

0 

0 

O 

O 

0 

on 

** 

<P MH S 3 

rH 

sO 

VO 

0 

O 

O 

0 

cr 

iH 

U-H O 
U H X 

s 

rH 

on 

on 

VO 

VO 

VO 

VO 



CM 


<D 


M 









3 

0 

CN 

CN 

00 

00 

rn 

cn 

OS 

•P « 

0 

CN 

CN 

r* 

r* 

cn 

cn 

00 

+» fljo 

r* 


if 

cf 

if 

in 

in 

in 

(A W 

rH 

rH 

rH 

rH 

rH 

rH 

fH 

rH 

<y <p 









H O. 

O 

O 

O 

O 

O 

0 

0 

0 

a f*< 

O 

O 

O 

O 

O 

0 

0 

0 

<p 0 

O 

rH 

rH 

CN 

CN 

m 

cn 

if 

H 

CN 

CN 

CM 

CN 

CN 

<N 

CN 

CM 

M 

00 

O 

O 

O 

O 

O 

0 

0 

X 

• 

• 

• 

t 

• 

t 

• 

t 

X 

rn 

00 

00 

cn 

m 

OS 

os 

cn 

in « 

rH 

m 

m 

0 

0 

VO 

VO 

0 

in x 


rH 

rH 

*H 

iH 



rH 

CD 









u 









-p 









V) H 

O 

O 

O 

If) 

tn 

O 

0 

in 

10 

• 

CM 

CM 

rH 

rH 

rH 

rH 

rH 

as 

CN 









0 ) 

in 

iH 

un 





un 

U « 

tn 

iH 

in 

1 

1 

1 

1 

in 

-P 3 O 

CM 

CN 

CN 

1 

I 

l 

l 

CM 

C <P 
CD CO 

a m 

V CD 

CM 

CN 

CN 





CM 

CO Ur 

0 

O 

O 





O 

CD S Hi 

0 

CM 

© 

1 

t 

1 

1 

O 

H CD O 

VO 

un 

VO 

1 

i 

t 

1 

VO 

fcH i H 

cn 

tn 

m 





tn 

«P 









<0 « 

0 ) CD w 


in 

in 





cn 

x a 3 

IT 

CN 

rH 





cn 

•H O 

e-» ® 

* 

• 

• 

1 

t 

i 

i 

• 


in 

3 

• 1 

o o 


X 

CN 

in 

un 

un 

in 

IT 

in 

tn 


l 

Os 

os 

os 

os 

Os 

os 

Os 

0 

> 

1 

1 

t 

1 

1 

* 

1 

<0 

to 

X 

X 

X 

X 

X 

X 

X 

0 ) 

«! 

< 

«4 

< 

< 

HJ 


< 

X 

as 

> 

> 

> 

> 

> 

> 

> 






«! 

ffi 

X 


+> • 

Ch 

0 

rH 

O 

rH 

O 

iH 

cn 

ill 0 

CN 


r* 


r- 



r* 

<v as 

1 

i 

t 

1 

1 

i 

1 

i 

H 

to 

to 

to 

to 

to 

to 

to 

to 


in 

if 

in 

r- 

fH 

CM 

0 

0 

O 

CM 

if 

os 

00 

H 

if 

so 

rH 

OS 

00 

iH 

VO 

CN 

vO 

un 

in 

if 

tn 




in 

in 



if 

if 


os 

OS 

& 

OS 

CN 

os 

OS 

if 

m 

00 

00 

SO 

OO 

r- 

CO 

CO 

sO 

cn 

in 

un 

if 

un 

VO 

in 

m 

if 

tn 

rH 

rH 

rH 

iH 

»H 

iH 

iH 

rH 

rH 

O 

O 

in 

O 

© 

© 

© 

in 

© 

O 

r© 

r- 

O 

tn 

0 

0 

r- 

© 

if 

if 

*H 

if 

in 

if 

if 

rH 

cn 

<N 

CM 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

O 

© 

© 

© 

0 

O 

O 

O 

© 

« 

• 

• 

* 

V 

• 

• 

♦ 

• 

cn 

cn 

CM 

OS 

in 

cn 

cn 

00 

cn 

0 

© 

sO 

vO 

cn 

0 

© 

cn 

© 

rH 

rH 

rH 



#H 

«H 

«H 

rH 


in 

un 

tn 

© 

U> 

U) 

in 

O 

m 

fH 

rH 

CN 

*H 


fH 

rH 

CN 

rH 


in 

CN 

un 

in 

in 

CN 

CN 

un 

un 

tn 

CM 

in 

tn 

U) 

r* 

r* 

in 

tn 

<N 

O' 

CM 

CN 

CN 

rH 

0 

CM 

CM 

CM 

rH 

CN 

CM 

CN 

CN 

CM 

CN 

CN 


O 

© 

O 

© 

0 

0 

0 

0 

© 

O 

© 

O 

0 

© 

tn 

r* 

0 

© 

VO 

0 

vO 

VO 

VO 

if 

CN 

VO 

vO 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

cn 

.33 

0 

• 

rH 

tn 

• 

un 

• 

in 

t 

tn 

24 

un 

• 

un 

• 


VO 

un 

vO 

vO 

vo 

un 

un 

vO 

vo 

*0 

<y 

.p 

in 

Os 

un 

un 

in 

os 

os 

in 

in 

t 0 

© 

1 

0 

© 

© 

1 

* 

© 

© 

rH 

© 

X 

0 

© 

© 

X 

X 

© 

0 

O 

us 

4 

m 

in 

tn 

c 

HI 

un 

tn 

U. 

vO 

> 

SO 

vO 

VO 

> 

> 

vo 

vo 

<0 


u 

-p 


a* 

in 

vo 

r* 

CO 

cv 

H 

in 

© 

IP 


r* 

r* 

n* 


r* 

© 

© 

© 

* 

l 

1 

1 

1 

1 

1 

1 

1 

1 


tn 

tn 

tn 

tn 

tn 

tn 

tn 

tn 

© 




TABLE II- 11. Summary of ASTAB 811C Ultra-High Vacuum Creep Test Results 
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TABLE 11-17. Summary of T-lll Exponentially Varying Stress and 
Temperature Ultra-High Vacuum creep Test Results 


TRW Inc 


MATERIALS TECHNOLOGY 


•p 



G U» 

o 

CO 

a 

(U <P 

Ol 

t-H 

o 

y w 

IN 

CO 

•n V 

w u 

* 

• 

*P W 

Q> o 

o 

o 

nj 0/ cu 

1 


C H 
*rl 

a 

* w 

in 

VO 

w o 

y w 

• 

• 

a> 

a o 

© 

ro 

H 

•H o 

VO 

r* 


H ac 

r-H 

rH 



C 

•P 

e 

in 

O 

rH 


<P 

rH 

it 

rH 

(TJ 

u 

04 

in 

(0 

IH 

M 

• 

♦ 

■P 

■P 

Of 

O 

o 


OT OT Ut 


w 

<w 0) u 

H'H 3 © O 

<0 -H o cj> r- 

33 M K .H rH 


<p 

rH 

*H 

tj'nu; 

H 

rH 

c so 

00 

CO 

•H -P 
P> * 
U M 
«J Q> 

*H 

*H 

V Oi 

O 

O 

V) 

O 

O 

<v o 

00 

00 

H 

04 

Ol 


w 

W rH 

(P W 

Vi 

W 

0> 

<-H 

R 

y 

■H 

in 

in 

W > 

W 

vo 

VO 

«P Q) 

c 

* 

t 

CO rH 

Of 

a 

•H 

Q 




<D 



U 

Ol 

(N 

-P S> SG 

OJ 

04 

C -P o 

O' 

CTV 

y (« 
a m 
- p y 

rH 

rH 

C0 04 

O 

O 

y m 

O 

O 

U 0) o 

o 

O 

«H tH 

CO 

on 

Heat 

ae 

urs 

*H 

rH 

*H O 
B in 



t 



o 



w 

© 

© 


04 

OJ 

+> 

O 

o 

flj 

O 

© 

0) 

in 

in 

« 

VO 

VO 


© 

no 

«p • 

co 

no 

(0 o 

»H 

*H 

0) iB 

1 

t 

€-« 

CO 

V) 


in 

04 

H 

o 

© 

* 

in 

© 

fH 

rH 

ro 

* 


• 

• 

• 

* 

• 

rH 

O 

© 


© 


I 


o 

O 

© 


IN 

• 

« 

• 


• 

© 

cr 

O 

* 

04 

rH 

in 

co 

* 

© 

CO 

it 

o 

* 

rH 



*H 




04 

© 

in 


CO 

in 

VO 

VO 


ro 

OJ 

rH 

in 

* 

© 

• 

• 

• 

* 

» 

rH 

rH 

o 

* 

rH 


© 

o 

© 

© 

© 

O 

o 

© 

© 

o 

=r 

it 

o 

o 

rH 



rH 

OJ 



rH 

O 

o 

o 

© 

rH 

o 

o 

© 

o 

© 

r- 

r- 

o* 


rH 

rH 


rH 

< — i 


o 

o 

© 

O 

© 

o 

o 

© 

© 

© 

© 

vf 

v0 

© 

© 

OJ 

OJ 

04 

04 

04 


in 

in 

U) 

© 


© 

© 

© 

© 

© 


ot 

04 

OJ 

OJ 

Ol 

OJ 

OJ 

OJ 

Ol 

Ol 

<JV 

cn 

© 

OV 

© 

rH 

rH 

rH 

rH 

rH 


© 

o 

© 

© 

© 

© 

o 

O 

© 

O 

O 

o 

O 

© 

o 

no 

no 

CO 

ro 

ro 

rH 

rH 

rH 

rH 

rH 


© 

© 

© 

© 

© 

CM 

04 

OJ 

OJ 

OJ 

O 

O 

© 

© 

© 

© 

© 

© 

© 

© 

in 

in 

in 

in 

in 

© 

© 

© 

© 

© 

r* 

© 

rH 

ro 

© 

CO 

st 

in 

in 

rH 

rH 

rH 

rH 

rH 

rH 

1 

1 

1 

1 

f 

OT 

OT 

OT 

OT 

OT 


060 

702 

in 

cr 

* 

4 

# 

# 

• 

* 

* 

H 

Ol 

rH 


4' 


O 

t 

© 

o 

• 

o 

it 

• 

CO 

♦ 

« 

fO 

© 

in 

4- 

* 

CO 

© 

© 


* 


in 

O 

© 



o 

ro 

© 

* 


CO 

© 

in 

it 

* 

t 

• 

♦ 

• 

4- 

rH 

IN 

rH 

04 

# 


O 

O 

o 

© 

© 

r* 

O 

© 

o 

O 

rH 

st 

st 

o 

O 




rH 

OJ 


o 

o 

ov 

o\ 

© 

o 

© 

© 

© 

© 

r- 

O' 

in 

in 

in 

rH 

rH 

rH 

rH 

rH 


© 

© 

© 

© 

© 

O 

© 

© 

© 

o 

© 

© 

st 

St 


o> 

04 

OJ 

04 

04 

© 

o 

o 

© 

© 


rH 

rH 

fH 

rH 

rH 

OJ 

Ol 

IN 

04 

IN 

04 

Ol 

04 

04 

04 

o> 

o> 

OV 

O' 

O' 

rH 

rH 

rH 

rH 

rH 


O 

© 

o 

© 

© 

O 

© 

o 

© 

O 

o 

O 

o 

O 

© 

CO 

CO 

CO 

co 

CO 

rH 

rH 

rH 

rH 

rH 


© 

© 

© 

© 

© 

OJ 

OJ 

Ol 

Ol 

OJ 

© 

© 

© 

© 

© 

O 

© 

O 

o 

© 

in 

in 

© 

in 

in 

© 

© 

© 

© 

© 

rH 

Ov 

in 

IN 

S 3 

fH 

© 


in 

if) 

rH 

rH 

rH 

rH 

rH 

1 

1 

1 

1 

1 

W 

OT 

OT 

OT 

OT 


♦Estiaated 
♦♦Test in Progress 
♦♦♦Test Hot Initiated 



TABLE 11-18. Suamac; of Oltra-High Vacuum Creep Test Results on T-lll Heat 65C05C 
Annealed 1 Hour at 3000«F (1922«K) Plus 1 Hour 2400°F (1589<>K) and Exposed for 
Various Times and Temperatures to Liquid Lithium or to 10~* TCSB Vacuua in 6.Z. 
Alkali Metal Exposure Program 
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TABIE 11-16. Summary oZ Oltra-High Vacuum Creep lest Results or 1-111 Heat 65C05C 
Annealed 1 Hour at 3000«F (1922°K) Plus 1 Hour 2400°E <15890K) and Exposed for 
Various Times and Temperatures to liguid lithium or to 1C~* 1CRB Vacuum in G.E. 
Alkali Hetal Exposure Program 
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APPENDIX I ! 
CREEP CURVES 
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(1533°K) , TESTED AT 2000OF (1366°K) AND 22 KSI (151.0) MN/'M 2 ) , TEST NO. 6-38 
TESTED IN A VACUUM ENVIRONMENT OF 1 x I0~8 TORR. ARROWS ON THE CURVES 
INDICATE CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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FIGURE 111-3. CREEP TEST DATA, ASTAR Si 1C HEAT NO. 650056 

ANNEALED 100 HOURS AT 3000°F (1922°«), TESTED AT 
2400°F (1589°K) AND 15 KS1 (103.0) MN/M 2 ) , 

TEST NO. $-138, TESTED IN A VACUUM ENVIRONMENT OF 
<1 x 10-8 TORR. ARROWS ON THE CURVES INDICATE 
CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST 
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FIGURE 111-4. CREEP TEST DATA, ASTAR 81 1 C HEAT NO. 65C056 ANNEALED 0.5 HOUR AT 3600°F 
(2255°K), TEST NOS. S-115 AND S-120, TESTEO IN A VACUUM ENVIRONMENT 
OF <1 x 10-8 TORR. ARROWS ON THE CURVES INDICATE CHAMBER PRESSURE AT 
VARIOUS INTERVALS OURING THE TEST. 
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CREEP TEST DATA, ASTAP 81 1 C HEAT NO. 650056 ANNFALED 0.5 HOUR 
AT 3600°F (2255°.’0, TESTED AT 1600°F (l 144°K) AND kO KSI 
(276.0 MN/M 2 ) TEST NO. S-94, TESTED IN A VACUUM ENVIRONMENT 
OF <1 x 1 0'*® TORR. ARROWS ON THE CURVES INDICATE CHAMBER 
PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 



1 .0 x 10-9 TORR 


4.2 x 10“ 9 TORR 





S-13<* 

( 1.6x10-9 TORR 

/ 

3.2 x 10~ ? TORR 

7-9 x 10-9 

TORR 


TIME, HOURS 


TIME, HOURS 


FIGURE HI-6. CREEP TEST DATA, ASTAR 8UC HEAT NO. 650056 ANNEALED 
1 HOUR AT 3000°F <1922°K), TEST NOS. S-128, S-129, 
S-131, and S-134, TESTED IN A VACUUM ENVIRONMENT 
OF <1 x 10" B TORR. ARROWS ON THE CURVES INDICATE 
CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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ASTAR 811 C HEAT NO. 650056 ANNEALED 1 HOUR 
;), TEST NOS. S-135 » S-136. S-147, AND S-160 
M ENVIRONMENT OF <1 x 1 0**» TORR. ARROWS ON 
TE CHAMBER PRESSURE AT VARIOUS INTERVALS 



REPRODUCIBILITY OP THE ORIGINAL PAGE IS POOR. 
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5-125 TESTED AT 2000°f M366°K) AND 23 AS I MSB 3 HN/H j 
S-142 TESTED AT 1600°f (1144°K) AND 50 KSI (344.0 HN/H 2 ) 
S-UJ TESTED AT 2200°F (l478°K) AND 18 KSI (124.0 NN/K 2 ) 
$-144 TESTED AT 2400°F MS89°K) AND 8 KSI (55.2 NN/N 2 ) 


1.0 x 10*9 TOM 


1.3 * 10*8 TOAD 


FIGURE tll-8. CREEP TEST DATA, ASTAR 81 1C HEAT NO. 650056 ANNEALED I HOUR AT 3000°F 
(1922°K), TEST NOS. S-12|, S-142, S-143, AND S-144, TESTED IN A VACUUM 
ENVIRONMENT OF <1 x 10*8 TORR. ARROWS ON THE CURVES INDICATE CHAMBER 
PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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FIGURE IM-9. CREEP TEST DATA, T-111 HEAT NO. 650028 ANNEALED 1 HOUR 
AT 3000°F (1922°K), TESTED AT 1500°F (1089°K) AND 40 KSI 
(276.0 MN/M 2 ), TEST NO. S-103, TESTED IN A VACUUM 
ENVIRONMENT OF I x 10* 8 TORR. ARROWS ON THE CURVES 
INDICATE CHAMBER PRESSURE AT VARIOUS INTERVALS DURING 
THE TEST. 
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S-130 HALF LIFE - 100 HOURS 
$-133 HALF LIFE - 170 HOURS 
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FIGURE 111-10. CREEP TEST DATA, T-111 HEAT NO. 650028 ANNEALED 1 HOUR AT 3000PF (19220k), 

TESTE0 WITH CONTINUOUSLY VARYING STRESS AND TEMPERATURE. STARTING TEMPERATURE 
2800°F (1811°K), STRESS LEVEL g 1, TEST NOS. S-130 AND S-133, TESTED IN A 
VACUUM ENVIRONMENT OF <1 x 10” y T0RR. ARROWS ON THE CURVES INDICATE CHAMBER 
PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 





WITH CONTINUOUSLY VARYING STRESS AND TEMPERATURE. STARTING TEMPERATURE 2600op (1700°K) , 
STRESS LEVEL « I, HALF LIFE « 170 HOURS, TESTED IN A VACUUM ENVIRONMENT OF <1 x 10~8 TOR 
ARROWS ON THE CURVES INDICATE CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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FIGURE 111 - 12 . CREEP TEST DATA, T-111 HEAT NO. 650028 ANNEALED 1 HOUR 

AT 3000°F (1922°K) TESTED WITH CONTINUOUSLY VARYING STRESS 
AND TEMPERATURE. STRESS LEVEL 0.65 , HALF LIFE 170 HOURS. 
TEST NOS. S-137 AND S-140, TESTED IN A VACUUM ENVIRONMENT 
OF < 1 x 10*8 T0RR . ARRO ws ON THE CURVES INDICATE CHAMBER 
PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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FIGURE 111-14. CREEP TEST DATA* T-M1 HEAT NO. 650028 ANNEALED 1 HOUR 
AT ?000°F (1922°K), TESTED WITH CONTINUOUSLY VARYING 
STRESS AND TEMPERATURE. HALF LIFE 1000 HOURS. 

TEST NOS. $-151 AND $-152 TESTED IN A VACUUM ENVIRONMENT 
OF <1 x 10-U TORR. ARROWS ON THE CURVES INDICATE CHAMBER 
PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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FIGURE Hi -15. CREEP TEST DATA, T-1 1 1 HEAT NO. 650050 ANNEALED t HOUR AT 3000°F (1922°K) 
PUIS 1 HOUR AT 2400°F <1589°K), REPRESENTING THE PRE-EX POSED CONDITION 
FROH THE G.E. ALKALI METAL EXPOSURE PROGRAM. TEST NOS. $-162. S-163. AND 
S-164, TESTED IN A VACUUM ENVIRONMENT OF <1 x 10-$ TORR. ARROWS ON THE 
CURVES INDICATE CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TES*. 
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FIGURE 111-16. CREEP TEST DATA, T-111 HEAT NO. 650050 ANNEALED 1 HOUR 
AT 3000°F (1922®K) PLUS 1 HOUR AT 2400°F (1589°K), FROH 
G.E. ALKALI METAL EXPOSURE PROGRAM, TESTED AT 2200°F (1478»K) 
AND 16 KSI (110.0 MN/M Z )» TESTED IN A VACUUM ENVIRONMENT OF 
<1x10-8 TORR. ARROWS ON THE CURVES INDICATE CHAMBER PRESSURE 
AT VARIOUS INTERVALS DURING THE TEST. 
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METAL EXPOSURE PROGRAM, EXPOSED TO VACUUM 1000 HOURS AT 2400OF 
(1589°K) AND TESTED AT 2000°F (1366°K) AND 16 KSI (110.0 MN/M 2 ) , 
TEST NO. S-124, TESTED IN A VACUUM ENVIRONMENT OF <1 a 10~ 8 TORR. 
ARROWS ON THE CURVES INDICATE CHAM8ER PRESSURE AT VARIOUS INTERVALS 
DURING THE TEST. 
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FIGURE m- 18 . CREEP TEST DATA, T-111 HEAT NO* 650050 ANNEALED 1 HOUR 
AT 3000°F (1922°K) PLUS 1 HOUR AT 2400°F (1589°K), FROM 
G.E. ALKALI METAL EXPOSURE PROGRAM, TESTED AT 1650°F 
(1172°K) AND 50 KSI (3W.0 MN/M 2 ), TEST NOS. S-161 AND 
S-166, TESTED IN A VACUUM ENVIRONMENT OF <1 x 10-8 JORR. 

. ARROWS ON THE CURVES INDICATE CHAM8ER PRESSURE AT VARIOUS 

t INTERVALS DURING THE TEST. 
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S-148 - EXPOSED TO VACUUM 5000 HOURS AT 2400°F (1589°K) , 
TESTED AT 2000°F (1366°K) AND 24 KSI 065.0 MN/M Z ) 
S-149 - EXPOSED TO LITHIUM 5000 HOURS AT 2400°F (I589°K) 
TESTED AT l800°f <12S5°K) AND 35 KSI (24l .0 MN/h 2) 
S-156 - EXPOSED TO LITHIUM 5000 HOURS AT 2400°F 0589°K) 
TESTED AT 1650°F Ol72°K) AND 50 KSI (344.0 MN/M 2 ) 
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FIGURE III -19. 


CREEP TEST DATA, T-111 HEAT NO. 650050 ANNEALED 1 HOUR AT 3000°F 
0922°K) PLUS 1 HOUR AT 2400°F (1589°K), FROM G.E. ALKALI METAL 
EXPOSURE PROGRAM, TEST NOS. S-148, S-149, AND S-156, TESTED 
IN A VACUUM ENVIRONMENT OF <1 x 10-8 TORR. ARROWS ON THE CURVES 
INDICATE CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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1-20. CREEP TEST DATA, T-111 HEAT NO. 650050 ANNEALED 1 HOUR AT 3000°F 
(1922°K) PLUS 1 HOUR AT 2400°F (1589°K), FROM G.E. ALKALI HETAL 
EXPOSURE PROGRAM. TEST NOS. $-158, S-159, AND $-165, TESTED 
IN A VACUUM ENVIRONMENT OF <1 x 10«» TORR. ARROWS ON THE CURVES 
INDICATE CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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FIGURE MI-21. CREEP TEST DATA, T-111 HEAT NO. 650050 ANNEALED 1 HOUR 
AT 3000°F (1922«>k) PLUS 1 HOUR AT 2400°F (1589°K), FROM 
G.E. ALKALI HETAL EXPOSURE PROGRAM. TEST NOS. S-167, S-168, 
AND S-169, TESTED IN A VACUUM ENVIRONMENT OF <1 x 10*8 TORR. 
ARROWS ON THE CURVES INDICATE CHAMBER PRESSURE AT VARIOUS 
INTERVALS DURING THE TEST. 
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EXPOSED TO VACUUM 5000 HOURS AT 2400°F (1589°K) 

TESTED AT 2200°F (1478°K) AND 16 KSI (110.0 MN/M 2 ) 
EXPOSED TO VACUUM 5000 HOURS AT 2400°F (1589°K) 

TESTED AT 1650°F (1172°K) AND 50 KSI (344.0 MN/M 2 ) 
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FIGURE 111-22. 


CREEP TEST DATA, T-111 HEAT NO. 650050 ANNEALED 1 HOUR AT 3000<>F 
(1922°K) PLUS 1 HOUR AT 2400°F (1589°K), FROM G.E. ALKALI METAL 
EXPOSURE PROGRAM. TEST NOS. $-139 AND S-l4l , TESTED IN A VACUUM 
ENVIRONMENT OF <1 x 10 “® TORR. ARROWS ON THE CURVES INDICATE 
CHAMBER PRESSURE AT VARIOUS INTERVALS DURING THE TEST. 
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23. CREEP TEST DATA, T-ltl HEAT NO. 650050 ANNEALED 1 HOUR AT 3000°F (1922°K) 
PLUS 1 HOUR AT 2400°F (1589°K), FROM G.E. ALKALI HETAL EXPOSURE PROGRAM. 
TEST NOS. S-146, S-155, AND S-157, TESTED IN A VACUUM ENVIRONMENT OF 
<1 x 10*8 TORR. ARROWS ON THE CURVES INOICATE CHAMBER PRESSURE AT 
VARIOUS INTERVALS DURING THE TEST, 



